ABSTRACT
obtain purified phycocolloids (like agar, agarose, carrageenan or alginates), which are 48 mainly used as texturing agents and stabilizers in food products (Bixler & Porse, 2011; 49 Tavares Estevam et al., 2018). The remaining algae residues contain a number of highly 50 interesting compounds, like polyphenols, which could provide these food ingredients 51 with functional properties (Michalak & Chojnacka, 2015) . In this context, limiting the 52 number of purification steps would be extremely beneficial since, apart from imparting 53 added value to the obtained ingredients, processing costs and chemicals would also be 54 reduced, thus constituting an excellent alternative in line with current circular economy 55 policies.
56
Agar and agarose are structural polysaccharides present in different species of red 57 seaweed (Rhodophyceae) which have a tremendous potential as encapsulation matrices 58 for probiotic bacteria. Specifically, agarose has demonstrated that, even at low 59 concentrations, is able to prevent the entry of oxygen into liquid media (Yokoyama, Additionally, a pre-treatment step was applied prior to the described hot water treatment 138 to remove impurities from the raw seaweed and generate pure agar following a 139 previously established protocol with slight modifications (Kumar & Foteman, 2009 ).
140
Briefly, the pre-treatment consisted of soaking 50 g of dry seaweed powder in 500 mL of Na 2 CO 3 (75 mg/mL) were added and the samples were heated up to 50ºC for 30 164 minutes. After that, the absorbance values at a wavelength of 750 nm were collected. A
165
Calibration curve was built by using gallic acid as the standard, and the total phenolic Table 1 . oil and ultraturrax (11000 rpm during 1 min) was applied to make the W/O emulsions.
221
The falcon tubes were immediately immersed in an ice bath where they were kept for 10 222 minutes to allow the gelation of the microcapsules. Then the tubes were centrifuged at 223 4000 rpm during 10 min, the upper oil layer was removed and replaced by PBS.
224
Subsequently, the tubes were centrifuged at 4000 rpm during 10 min at 20ºC and the
225
PBS solution was discarded. shows the microscopy images of the gelled particles obtained for the various agarose-285 based systems. From Table 1 it can also be observed that the total solids concentration UPAgar stands for unpurified agar fraction. Scale bars correspond to 50 µm. 
303
Unpurified agar-based fractions extracted from Gelidium species were also used for 304 developing the encapsulation structures using the same formulations as selected with the 305 agarose. The protein and polyphenol content of these unpurified fractions were found to 306 be 136 ± 9 mg BSA/g sample and 30 ± 2 mg GA/g sample, respectively (in contrast 307 with the pure agar, which contained only 16 ± 3 mg BSA/g sample and 3 ± 0.2 mg
308
GA/g sample). The presence of these compounds in the unpurified agar-based material,
309
implied that greater concentrations could be used to prepare solutions that did not gel at 310 40ºC. Therefore, while the particles were produced using 0.5 wt.% agarose solutions for 311 the various formulations developed, 3 wt.% solutions could be used to develop the 312 unpurified agar-containing formulations. The increase in the total solids content (cf.
313 Table 1 ) resulted in denser hydrogel particles (as observed in Figure 2 showed, the lower affinity for oil droplets, which remained outside the heterogeneous 325 particles (see Figure 2 ). 
380
The formulation which showed a lower viability drop at the end of the storage period 381 was the one with WPC and, moreover, it also displayed a better morphology than the biopolymer. The samples were initially prepared as specified in section 2.5 and they
447
were poured onto the rheometer plate, which was set at 60ºC. At the initial temperature 
CONCLUSIONS

499
The present work shows the suitability of using more cost-effective and 500 environmentally friendly unpurified agar fractions as encapsulation matrices for 501 probiotic protection. Hydrogel particles were made from various agarose, pure agar and 502 unpurified agar-based formulations using a simple emulsion/internal gelation process.
503
All the particles developed were successful in prolonging the viability of encapsulated
504
Bifidobacterium pseudocatenulatum CECT 7765 during refrigerated storage. Although 505 no specific interactions between the components were expected, the combination of agar 506 and agarose with WPC significantly improved probiotic protection even at ambient 507 conditions. The improvement was greater when unpurified agar was used in the 508 formulations, fact which could be attributed to the presence of proteins and polyphenols
509
(which could be used as nutrient sources and provide antioxidant activity, respectively)
510
and/or to the greater biopolymer concentration that could be used in this case, which 511 gave raise to stronger gel particles and, thus, to limited solute diffusion. 
